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Introduction

Since 1976, personnel at the Los Alamos Scientific
Laboratory (LASL) have been studying the use of adap-
tive and optimal control techniques in solar heated and
coolefibuildings. This study has led to the develop-
ment o“;a specific systems approach designated as adap-
tive optimal control (AOC). In this study, theoretical
and computer simulation studies using the AOC concept
indicate that substantial energy savings can 5e real-
ized. As the AOC concept has been refined, it has en-
joyed incleased confidence in its ability to improve
energy conservation and system oerformancei Various
stages of development have produced simulations with
substantial auxili~ry (back-up) energy savings over the
conventional controller simulation for the system.
0th6r experiments in optimizing the control strategies
in the solar heated and cooled Los Alamos National
Security and Resources Study Center (NSRSC) demonstr~te
emphatically that a considerable amount of energy can
bc saved by modifying convct?tionalcontrol ilardwarc,
and most importantly, by reviewing the control function
from a syslcm level.

Simulation Model———..

The NSRSC at LAS1 provides t~c b~sis for a gmcr~l
mmirl used in ti;issimulation. The NSRSC is a 59,000
ftz library and conference facility, It has both so-
iar hv~tlng and cooling sy<t~m>, but only the Ilcdling
sys!tm is diswsscd h~rc.
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Auxiliary energy is provided by a st~am-to-water
heat exchanger, and the sLuam is supplied by a central
steam plant. The hot water flows through coils in thr
a’r duct to heat the air flowing over them. The heated
spacr in the building is represented by a single en-
closure. The air-handling system provides air movement
~nd a capability for recirculation of some of the par-
tially conditioned air and introd,;cesfresh air as ap-
propriate.

Solution Technique

The AOC technique can be explaiued with the system
block diagram of Fig. 2. The building (pl.mt) repre-
sents the noniinear dyn~mics of the building and entire
heating, v~ntilating, and air-conditioning (HVAC) sys-
tem. As control and ex@gcnous disturbenc~s (e.g., out-
side temperature; are applied in ti~e, the dynamic
building refponds end the state of tn,: bl-ildingrc-
Su?ts. The applied control, the exogenous inph~s, anti
~hc building state arc measured as functions of time.
These mcasu cd valul!sdrC then used by the model iden-
tification ~lock to estimiilethr parameters for a lin-
earized system using a sequential least squares ap-
proach This lincJrizcd system is vJlld only in J rr-
gion J~oul the opcratlng point, so a subsequent estima-
tion of the parameters will be ncr[iedwhrn the opcra-
tirg point chJngcs significantly,
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itself The AOC sysLem Is thus updated or adapted to
remain optimal ds the system undergoes changes of vari-
ous forrrs.

Simulation Results—.

This Invwtfgation of the use cf adaptive control
concepts began with the definition of the HVAC system
model to be used for simulation studies. Building op-
eration was simulaued llndercontrol o; a conventional
controller that embodies current strategies and under
control of an AOC controller, and system performances
were compared. Both controllers maintained the room
temperature quite well. The AOC controller, however,
did so with significantly less auxiliary energy. De-
pending on simulation conditions the O,OCauxiliary en-
ergy sa’vingsover the conventional controller were as
high as 512 for a Z-day simulation and 95% for d month-
long simulation. 6

It must be remembered that these are savings in
auxiliary, or back-up, energy that,is use’iwhen the so-
lar energy system cannot meet the heating o- air-condi-
tioning demands alone. When comparing controllers as
we have, a claim of 100% savings In auxiliary energy
means that the claiming controller is able to operate
the solar energy system to meet the heating demand
without any b(~ck-up.

The question of how thr AOC controller is able to
achieve Mcse savinqs in auxiliary energy remains. The
answer is that the AOC controller provides better tran-
agcment of the available sources of emcrgy, In the
2-day simulation that saved 51% of the auxiliary ~n-
ergy, the weather wa~ sunny and very cold; and the AOC
controller opcr~tcd the storagr tank at a lower tcmpcr-
at;lrr, This lmprovcd utilization of solar energy, and
as J smundipitous brncfil, it made collection of solar
energy more cfflcicnt, in th(’month-long simulation
the Wcdthcr varlccl,but WJS rjcncrallymilder, One as-
pect of the AOC controller’s mmaqcvncnt of the bulld;ng
hwe is that the alr-hanrflingsystcm was controlled to
exhaust much lC>S hratclialr to the outside, To illus-
Lratc, the AOC controll[!rcxhau~lmi about 2,500,000
f~wur Dtu lhan thl>cnrivcntiollalcontroller, Thr rcrluc-
tion In .iIlxlllaryvnurgy usr W(15 abotJl1,250,000 IJt.u
and tho rrdurtl!)n In sol Ir rIILrIJy U(V waf allollt
1,?70,00[1[flli,

..-.

The complexity of large solar HVAC systems gene?-
ates many sets of conditions for the controller to han-
dle. The best operating strategies are not ccsnpletely

understood and, perhaps more important, they v~~ryfrom
one set of conditions to another as the above simula-
tions ind?cate. The AOC technique has the power to ex-
amine those condftior?son a regular basis (several
times each hour), determine the best strategy at the
moment, and implement the control automatically.

Implementation

Implementation has been studied,[l] and it is felt
t,,atthe AOC techr,iquescan be impl~mented as a proto-
type with hardware similar in capability to mini-
cc+nputer-basedbuilding energy-management system like
those cotnnerciallyavailable. It is further felt that
cmnercial AOC products may be realized with micro-
processors and offer an attractive pay-back period.

Plans have been made for implementation of a pro-
totype AOC system in the I{SRSCat LASL, and funding for
the implementation is being investigated.
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